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ABSTRACT SUMM1ARY ASD INTERIM REPORT 7-772 (VII)
Interim Technical Progress Report December 1962

DEVELOPMENT OF MANUFACTURING PROCESS FOR

HIGH PURITY ELECTRONIC CERAMICS

Physical Sciences Laboratory

ITT Federal Laboratories

The purpose of this project is to develop new or improved manufacturing
methods for large scale production of ferroelectric or piezoelectric ceramic ma-
terials such as titanates, zirconates, niobates, and tantalates. A major re-
quirement is high purity (99.95%). The accomplishments during this fifth period
of Phase II have been the operation of a pilot plant, the chemical and x-ray
analyses of its product and the ceramic processing of the powders.

The process for preparing B&TiO 3 was frozen, and ten consecutive runs
were made. These were analyzed to determine the degree of reproducibility of
the process. Results are included.
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FOREWORD

This Phase II Interim Report covers the work performed under

Contract AF33(600)-42473 from 1 September 1962 to 30 November 1962. It is

published for technical information only and does not necessarily repre-

sent the recommendations, conclusions or approval of the Air Force.

This contract with the ITT Federal Laboratories, Division of

ITT, Nutley, N. J. was initiated under Manufacturing Methods Project

7-772, High Purity Electronic Ceramic Program. It is administered under

the direction of Mr. Leo J. Conlon, Project Engineer of the Chemical Engi-

neering Branch, ASRCTC, Manufacturing Technology Laboratory, Aeronautical

Systems Division, Wright-Patterson Air Force Base, Ohio.

Mr. P. E. Lighty of the Physical Sciences Laboratory is Project

Manager. Others who cooperated in the study and preparation of this re-

port are: Mr. A. J. Morino, Jr., Project Engineer; Mr. J. H. Battle,

Chemist; Mr. E. W. Currier, Senior Spectroscopist, Mr. F. 3. Pirigyi, Ceramist,

end Mr. D. C. Seeley, Chemical Engineer.

The primary objective of this program is to increase the re-

liability and reproducibility of electronic components fabricated from

piexoelectric/ferroelectric materials.

PUBLICATION REVIEW

Reviewed by:
P. Z L1 4ocateLaboratory Director

Approved by: ' 4 .J

F. A. Muller, Laboratory Director
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ASD INTERIM REPORT 7-772 (VI)

DEVELOPMENT OF MANUFACTURING PROCESS FOR

HIGH PURITY ELECTRONIC CERAMICS

I. INTRODUCTION

This report covers the work done during the interim period

1 September 1962 through 30 November 1962. The information included is the

operation of the pilot plant for ten consecutive runs without any changes

in the process; chemical analysis; X-ray determinations, and preliminary

ceramic data.

II. DISCUSSION

During this period, the process was evaluated by making ten con-

secutive runs of BaTiO Information pertaining to washing times, filter

design and volume of wash water was gained. Analysis of all the runs was

accomplished by the methods described in previous Interim Reports.
(1 ) (2 )

A. Pilot Plant Operation .- BaTiO 3 Synthesis

It was determined from the results of the first twenty runs, that

this period would be opportune to "freeze" the process and make ten consecu-

tive batches. The procedure used was described in Interim Report No. V

which was a direct scale-up of the laboratory reaction.

Prior to this operation, the reaction kettles were disassembled and

inspected for chemical attack and mechanical failures of the linings. There

was no noticeable chemical attack, but several areas were cracked. This

cracking was caused by stress relief during initial heatup and curing of the

resin. The areas affected were the edges of the impellers, valve liners and

the valve seats.
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As a corrective measure, these areas were cleaned and grooved,

where possible, and new resin laid-up. It was given a slow cure before

operation. This resulted in a uniform, monolithic, chemical resistant

surface, without any of the previous history of small cracks.

The ten runs were carried out according to planned procedure.

Two mechanical difficulties occurred causing the abandonment of two runs.

The first problem was a general power failure for twenty minutes

during the early part of the digestion period. It was necessary to cool the

reaction rapidly to prevent excess alcohol vaporization. The lack of power

prevented the stirring of the mass and any possible chance of dropping the

reaction into the filter and washing. In order to determine what had

happened to the run, it was completed when the power was turned on. The

analysis showed it to be off stoichiometry.

A second problem occurred during an additional run where a centri-

fugal pump failed to transfer all of the barium hydroxide premix into the

reactor. This run was aborted due to incomplete reaction.

B. Corecipitation of BaSrTiO3

In order to show the feasibility of making mixtures of titanates by

this direct reaction technique, several bench scale runs were made. The

parameters set up during these runs can be used to produce a 80-20

BaSrTiO3 in the pilot plant.

C. Chemical Analysis

The chemical analysis of barium titanate pilot plant runs con-

tinued throughout the period covered by this report. Analyses were made

for barium and titanium under the standard methods detailed in previous

reports. (1)
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Run number 21 was prepared using a lower concentration of potassium

hydroxide than normal and the analysis (BaO 64.3%, TiO 2 35.4%) showed a high

titanium dioxide content indicating the formation of free TiO 2.

Starting with run number 22 the procedure was frozen at the

starting quantities which had been found to give a stoichiometric product in

bench scale runs. Chemical analyses for runs 22 through 33 are listed in

Table I of this report. Production run number 30 was not analyzed since

mechanical failure in the pilot plant required the dumping of the product.

The determination of carbon dioxide in the product was not made

during this period. The sensitivity and reproducibility of the procedure

outlined in the previous interim report was considered unsatisfactory. Re-

cently, a new type of detector tube was made commercially available, which

has been obtained for evaluation. If found satisfactory, it will be used

to determine the CO2 content on all production runs listed in this report.

There was some variation in the potassium content of the products,

and, although in all cases it was within specification, experiments were

run to see if additional washing would lower the content still further. A

500-gram portion of the barium titanate was washed by suction with 5-1 liter

portions of hot (500 to 70 C) water. It was then dried overnight at 1000 C

and potassium analyses were run by flame photometer. In all cases the

potassium content was less than 25 parts per million.

D. Ceramic Processina

A standard procedure for handling BaTiO3 powder was devised. This

was done to insure consistency in the analytical sample and the material used

for final evaluation.

This procedure is as follow:

1. Pure BaTiO3

a. Quarter and hand-blend sample

b. Sieve (-100) 150 to 200 grams of the quartered sample

-3-



c. jet-mill the -100 powder to -325

(1) 25 to 30 grams of milled powder for analytical

examination

(2) Balance for Ceramic Processing

2. Ceramic Processing of Pure BaTiO 3

a. Add 10% distilled water by weight to the sample. Allow

it to stand in a closed container to insure even distri-

bution of moisture.

.b. Mechanically remove lumps before pressing

c. Weigh out 2 gram samples

d. Press 1-inch discs at 5,000 psi

e. Store in plastic boxes or covered containers until

fired

f. Fire as scheduled

3. Ceramic Processing of Mixtures

To the pure BaTiO3 of 1, C, 2 the folloving steps are applied.

a. Weigh out correct ratio of additives for multiples of

100 grams total weight.

b. Ball-mill mixtures:

(1) Toluene - in a ceramic will with ceramic balls

(2) Water - in a rubber mill with rubber bells

c. Dry powder

d. Screen through - 100 mesh

e. Ibid - Procedure 2

Samples were prepared from all pilot plant runs according to sec-

tions 1 and 2 of the above procedure. In addition, a number of specimens

were prepared omitting the jet-milling step, and others were prepared by

ball-milling the -100 mesh BaTiO3 in toluene for one hour. These served

as checks on the samples prepared by the standardized procedure.
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Composition mixtures were prepare.- according to procedure 3.

The composition chosen for typical body measurements was: 80% BaTiO 3,

10% CaZrO3, and 10% SrTiO 3.

1. Visual Observation of Fired Discs

In general, the following results were obtained:

a. Samples prepared with jet-milling usually varied in

vitrification

b. Samples prepared from jet-milled powders had better

vitrification

c. Toluene milling of non-jet-milled powders increased

the vitrification

d. Jet-milling and toluene-milling eliminated all inhomo-

geneities in all samples tested and produced good, dense,

vitrified bodies

e. Samples of the stated composition that were jet-milled

and toluene-milled were usually more porous than plain

BaTiO 3. All additives were of high purity.

2. Evaluation of Re-washed Powders

As mentioned, samples from the ten consecutive runs were re-

washed to lower further the potassium content. A number of additional

pressings and firings of this material were made to study any changes in

body characteristics. After re-washing, the powders were jet-milled, pressed,

and fired according to schedule. A visual examination of the fired bodies

showed them to be more vitrified than the untreated powders.

3. Jet-Mill Changes

With the increased use of the jet-mill for preparing BaTiO3

powder, several modifications were made to improve its performance. They

included:
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a. The installation of a pre-heater to keep the powder

dry on entering the mill

b. A baffle yas attached to the feeder to provide a smoother,

more uniform feed rate

c. The construction of a larger collection chamber to

eliminate excessive back-pressure

d. A high-pressure, high-flow-rate filter and liquid trap

was added to the air feed line to prevent any possible

contamination from the lines and compressor.

III. CONCLUSION

From the work done in the pilot plant on preparing high purity

BaTiO 3, it is possible to draw some conclusions about the material.

1. If the process is held constant in all aspects, i.e., raw

materials, reaction time, digestion and washing, the product

is stoichiometric, uniform in particle size and lattice

constants.

2. A combination of vet chemical and X-ray analysis is necessary

to achieve precise ratios of BaO:TiO2

3. A high alkaline media is required to produce stoichiometric

reactions.

i. Carbon dioxide in the product is found to be adsorbed gas and

not chemically bound, which is released at low temperatures.

5. Thickness of filter cake versus volume of water passing

through the product is important for the elimination of

excess barium and potassium.

6. Firing high purity material is critical. The vitrification

temperature is very close to the melting point of the

compound.
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7. High purity additives such as CaZrO3 tend to increase

the vitrification temperature of the plain BaTiO 3.

8. Close control of firing is essential to insure dense

bodies.

IV BIBLIOGRAPHY

1. ASD Interim Report 7-772(V) June 1962

2. ASD Interim Report 7-772(VI) September 1962

V TABLES

Table I, Impurity Analysis, and Table II, Pilot Plant Data,'follow

on the next two pages.

-7-



TA B
UH IV .4 5 S A Y TM m PURITY ANAL YSIS(

Nc, r X- RAY P E C T , 0 .i P __-,_P.- FAME P _VT __

3r#N OAO TOL 0001 EC.TfONO S0 Sb L" K . i
T.JA I p E r E c ALJ, 0 .AO i11 /0 Nt1 ,O SOO A1 -O __,, K ___ NA

,_ __o,, . * . o =.o /o)/ ., 9. o /o o , ..1~e - I-

, 1.., 33. -30 " /0 70 -/o 0 " - -

2 1 , 2 /0 /0 30 o 'o /' "o -ho < - .<S-o

3 ,,i , 4, .e"  " - 30 <o 30 </* 3o K / - - -

7 . Z o ', * /0 /-..0 /0 ZS' 4'/0, 50 /0 .0 - .5o - "S

, ,.U , -, . 7 . .. -/ /- 3o , ,o /., -/0-

____Z ' s,9 z, ,',. o . 37,3 / Zo /0 lo < . o ,5 / . "2 - 450 - -
7 3 3,~:, LA .1 4 2 - - o o /v, - .j - -43._ sf. s ,- 3 /0o Zo /0 f 1) /40 /.S 2 /0 - 4se' -

4 3( 9 J3 3 ., 33 $- 2o /0 z <0 .0 <. 0 - <S

,2. ,/ . .j , W * - Z o 2o Wo. io 2o ,3" 1 - .,,-C I-
JI 3.f13~.0 S. b 1. -4 1 20 -C/0 ZSX O e- to ic

j 7 z/ .4. : . . 76 o 1o 3. to •o 2 v 20 - /30 - -1,.315.,Z o /P z. O / ,C FO

-- __" . -: - __ ---7-:. oa ,  
- -

.IL L Z / 0 / i
JL (313f' i * i y jo 20 1/ 20 -V /P_ - A--O

s'x ~'~. c 3o o S z '4a1 - 1/0 XO - <Zy

S9~ ,3i dZ3 . . 34 Zo D 0 Zo /0 /C /0 /0 -

ZO, 33, .3z. c.i -d 0 320 iL) so o Ia /0 "'0 - - o

2/ ~ 3 ~ 3 ~43S~ 4. S 3p /a Z v /p Zo /.p /0

Z,3 4-1 3 .. _ 3-- 34.-0 3 0 AP Z 0 /0 /d;l /0 -- -

3. ~. 3.. 3 3 & .. ,o /,0 20c /0 r4 -o/0 / 4 /40 -- -

-al /V,/3. /,e 3O 40 /C I/V /0 /0 10 J - /Dc -

21 4 3 ~ . /9.3 3~q,r 4 lo AP o /V 3., .'0 /0 o ' -- -

7 7 - 33,3 &, 3,'.0~.3 31,7 j 2.0 I ,' -. ... to / ~ i' - 5

3~/ J, 2v .3 1t. Z

3z 43,3 3 3.4~t 3, o~ /D 74 2c / - o

j ~ ~-1 *(~ ,C ~ il ~IR ~ * )(RA Y ho "*' r 1--V LA61L9



TA B -E I

i p u Rrry ANAL YS IS O(P') % Z-R.4v '. ____________

RLAME Pk*To.(.Tg Co~ oit -fitl ?7Afi OVOW1L.ATT 5 Ci. 040pt

L~~~~~~V SR.O ko F~L V A ~ ko wAL

<u S

/0 - <Jo - -cub,,--- 84r-, .,Z

IC, - ~So - - - 4, ~ Z.?3

lo - 4 - - - -so~a~ .~

-~~~I A...'o - 9 Is

,K lij -A, -. -J - ~3

ica L. -c -b#t al AL -YA - Li___ __ _ __ __ _ _

, -~ ~~ S - - - -,

_rt .1 4 ,TNKLAT

-- J rI--
j /1 -b - - - 2. 4 . B,~~P~ "r&

- ~ ~ ~ ~ ~ ~ ~ ~ r -, -,e* -- -l .v.. sc XAbt, 4 U14 .9

-~j- A%:. - 0, p t) ,.s. .4. -~

-~~~ ~~~ ~~~~~ - o - - - - T~ 
4  

i7.?v~CAr'

o ij - ~ - - -. - - - 4,.2~0~4
-_- - - - -- 2~LLL ____ ___
~ /0 -- - - - - 4,~ 7D~2,f "*'i"?~

h' 1/4 v -i LA - - -



Pa Ls PL A gi pAA_ TAILI 7C

Iri~ rAJ sy w-

L ±t~ ~ ~. ~/LAL' -AO AAD fr k frf-~ddl~~
~~~~LE~~~w - i'1' e/OS' anf go -7p;. 1. . ~~'' ~ __ _ _ _ _ _ _ _ _

2' ~L? _ _ _ _ _ __3 7 1 9j!Z S Pl ORSO

'tti! ,'% Zo A~4 t I 4.'gzg__~L I7IyL~PII9
3± 60/ ?VL pe// r . 9 K rw r' (# __ _ __ __ _ __

S#1. *ie 4,g Ae f 4 7 0 12 1' iio d*l' ." * __ _ _ __#_ __ _

#/PL *1~. wle& *g~ A #/L' ?p 60 /_ o ± 4_____________
I~~O .64'/ kit A'/f/ Aq~s Ii iIarf

~~ A d. *Aai A le 4,Id Ao . loo ~ ____________

#/_V__d *9 AC 1_ /00 PI_ 4 '- ; it _______________

&A'.WA /f. L L.! r~± ~ WI *e A /

_IL &ir A& s/ /4 IC Air 1 5 ~( ''___________

A4L-+I-i~ * 9 z- -1 Is __ fs 1f

.11.. *LL & *1ed *Id "ii rj Ii. aso g! Ite?"i'L

a_ # 1e. A 'C _ _ p_ _ p _ _ _ _ _ _ _ _ _ _ _

k/h.~*tL9 WI 1 1L deg JA It~ &U f"_ __ _ _ _ _

3k tkL */e r1t. */Ot 9 ir le. wtD ' 9C re. N

*le *le I v/,k1 *A9 'Lf */d L?7 11. *#IP
Nle~~~ ~ ~ ~ ~ - vc*veFt - v I



VI. DISTRIBUTION LIST

NAME NUMBER OF COPIES

Armed Services Technical Information Agency
Arlington Hall Station
Arlington 12, Virginia 10

General Electric Company
Chemical Development
1285 Boston Avenue
Bridgeport 2, Conn. 1

U. S. Army Signal Supply Agency
ATTN: Mr. George I. Cooper
225 S. 18th Street
Philadelphia 3, Pa. 1

Aeronautical Systems Division
ATTN: ASRCTC (L. J. Conlon)
Wright-Patterson AFB, Ohio 10

U. S. Naval Research Lab.
Code 643 C
Washington 25, D. C. 1

Speer Carbon Co.
New Products Group
Saint Marys, Pa. 1

American Cyanamid Company
Market Research Department
Berdan Avenue
Wayne, N. J. 1

Merck Sharp and Dohme
Research Lab.
Rahvay, New Jersey 1

Bell Telephone Laboratories, Inc.
Murray Hill, New Jersey I

Metal and Thermit Corp.
Research Lab.
ATTN: Mr. W. Caffeen
P. 0. Box 471
Rahway, N. J. 1

-10-



DISTRIBUTION LIST (CONT'D)

NAME NUMBER OF COPIES

Horizons, Inc.
ATTN: Mr. E. Wainer
2905 E. 79th Street
Cleveland 4, Ohio 1

Gulton Industries Inc.
.212 Durham Avenue
Metuchen, New Jersey 1

General Electric Co.
Defense Electronics Division
Electronics Laboratory, Attn. Dr. E. C. Henry
Syracuse 1, N. Y.

Research Division Library
Raytheon Company
28 Seyon Street
Waltham 54, Massachusetts

Air Force Systems Command
ATTN: RDRAE-F (C. W. Kniffin)
Andrews Air Force Base
Washington 25, D. C.

Aeronautical Systems Division
ATTN: ASRKCS-2 (R. J. Hartnett)
Wright-Patterson Air Force Base, Ohio

Corning Glass Works
Electrical Products Div.
Corning, N. Y. 1

Aeronautical Systems Division
ATTI: ASRKCS-2
Wright-Patterson Air Force Base, Ohio 1

Defense Research Board
Chief Supt., D R T E
Ottawa, Ontario,
Canada 1

1 ll

-11



DISTRIBUTION LIST (CONT'D)

NAME NUMBER OF COPIES

National Bureau of Standards
Washington 25, D. C. I

Monsanto Chemical Co.
ATTN: Mr. Edward Orban
Research Engr. Div.
St. Louis 66, Mo. 1

Diamond Alkali Company
Development Department
Union Commerce Building
Cleveland 14, Ohio 1

National Lead Company
Titanium Division, Research Lab.
ATTN: Mr. M. D. Beals
South Amboy, N. J. 1

Bjorksten Research Laboratories
P. 0. Box 265
Madison 1, Wisconsin 1

Sprague Electric Co.
ATTN: Mr. Neal Welch
87 Marshall Street
North Adams, Mass. 1

Monsanto Chemical Co.
ATTN: Mr. Robert A. Ruehrwein
Research & Engineering Div.
Dayton 7, Ohio

Linden Laboratories, Inc.
P. O. Box 302
State College, Pa.

Cornell-Dubilier Electronic Div.
Federal Pacific Electric Co.
ATTN: R. L. Grove
1605 Rodney French Blvd.
New Bedford, Mass.

-12-



DISTRIBUTION LIST (CONT'D

NAME NUMBER OF COPIES

National Research Corp.
Technical Information Center
70 Memorial Drive
Cambridge 42, Mass.

General Instrument Corp.
ATTN: Frank S. Stein
65 Gouverneur Street
Newark 4, New Jersey

Merck Marine Magnesium-Division'
Merck & Co. Inc.
ATTN: L.,F. Heneghan
Mgr. Research & Development
South San Francisco, Calif.

Erie TechnicalCeramics
Division of Erie Resistor Corp.
State College, Pennsylvania
ATTN: B. L. Joyner, General Manager

-13-



*f6f n 0.0 4

0 -1

U-00.-f PiC w~. %a o-
n 16 oA Sft~ n %-

& ft o- SN .b

nno m. %A " n o-l n

ON N 0 6oo .

n0. AI 00,00 '
p-, a ~-~mb 0 . On ft.

nOS nUr .. -0-a0.l 
070e

p- 0 l ~ N a0 "0 0-0
w0 n a n.0

'tMi nt a~9

0 A55 n~ 0 a

CL. nU c o P% N

f, n ft
ar auns O.

0 0 0 non

'40C N ftOflU n
n 00 0o

*4 H ~ 0.4 P 0 %A Nfl w
P4 SOO!if" I 

O UxOO~~~fL r &CF Fp-,'I ,.. ~ . C f'1 Lo b4 04.S 41. nfi
fa 04f pS - 0 ~ p-

SfA ~ a S" 0 0 50,
US~" I oN~ . t n

0 -aOtOfbt ft a n

m1' C6 "IlO~ t "1 0 CL d i
wS~ nU~ur Pi,' M'-. LK I - -

'a: . L. o-r 4 1 b N 01:rf II

tvPt a 0 0

o"10 0~ 0 r 0
I .IN;o t0. vano

"t ~" .."I Os3o !?I
n' aa5lt~5P 0
0. phUO UN . U a
0 0lC' U n

0.'0
I f t n r- 0

I0. b ON 0 - c
rI =IN 0 7

4 CN n zP p

Nft "n 00-'h ft aNi
N t 0 t U

ft NM U U U 0q.1 0 .0
N 0 - t 0

* 1 L..~.o .t' . * i0

me a. o-t NO 0O u 00
ftC nJ 0 nl i NC *U


